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,1*(2±WK,QWHUQDWLRQDO&RQIHUHQFHRQ(QJLQHHULQJ6XUYH\LQJ
/LVERQ3RUWXJDO2FWREHU
7KHXVHRI8$9VLQHQJLQHHULQJJHRORJLFDOVXUYH\VPDSSLQJDORQJ
6FRWODQG¶VVRXWKZHVWFRDVW


2O\PSLD7=,$9286WHOOD3<7+$528/,DQG-RFN6287(58QLWHG.LQJGRP

&LYLODQG(QYLURQPHQWDO(QJLQHHULQJ8QLYHUVLW\RI6WUDWKFO\GH0RQWURVH6WUHHW*
;-*ODVJRZ8.
6XUYH\6ROXWLRQV6FRWODQG'U\GHQ5RDG(+/=/RDQKHDG8. 
(PDLOVWHOODS\WKDURXOL#VWUDWKDFXNMRFNVRXWHU#VXUYH\VROXWLRQVVFRWODQGFRXN
 
 

$EVWUDFW

8$9VKDYHEHHQXVHGLQHQJLQHHULQJIRUDWOHDVWWZRGHFDGHV:KLOHWKHUHLVDZLGHUDQJHRI
UHFRJQLWLRQ DOJRULWKPV IRU WKH DXWRPDWLF LGHQWLILFDWLRQ RI VWUXFWXUDO GDPDJH VWUXFWXUDO
JHRORJLFDOIHDWXUHVHWF IURPWKHDFTXLUHG LPDJHV WKHSDUDPHWHUVDIIHFWLQJ WKHUHVROXWLRQRI
WKHVH LPDJHV DUHRIWHQRYHUORRNHG$V D UHVXOW WKHSRWHQWLDO RI WKH 8$9 WHFKQRORJ\ LVQRW
PD[LPL]HGDQGDWWLPHVLWLVHYHQUHJDUGHGDVOHDGLQJWRSRRURXWFRPHV:HSUHVHQWDFDVH
VWXG\RIWKHVWUXFWXUDOJHRORJLFDOPDSSLQJRIDFRDVWDODUHDLQ6FRWODQGFDUULHGRXWXVLQJWZR
W\SHVRI8$9VDIL[HGZLQJDQGDKH[DFRSWHU:HFRPSDUH WKHVWUXFWXUDOJHRORJLFDOPDSV
REWDLQHGIURPWKHRUWKRSKRWRVDQGFRQYHQWLRQDOWHFKQLTXHVDQGILQGWKDWDOWKRXJKWKHOHYHORI
GHWDLOLVWKHVDPHWKHWLPHVSHQWLQSURGXFLQJDPDSLVDWOHDVWWLPHVOHVVZKHQXVLQJD8$9
7KH IL[HG ZLQJ LV IDVWHU DQG WKHUHIRUH FDQ FRYHU ODUJH DUHDV ZKLOH WKH FRSWHU JLYHV EHWWHU
UHVROXWLRQLPDJHVDVLWFDQIO\DWORZHUKHLJKWV7KHOHYHORIGHWDLODFKLHYHGLQWKLVVWXG\ZDV
FPZKLFKLVVXIILFLHQWIRUPRVWPDSSLQJDSSOLFDWLRQV7KHWLPHUHTXLUHGWRSURGXFHDVWUXFWXUDO
JHRORJLFDOPDSRIWKHVWXGLHGDUHDZDVDILIWKRIWKHWLPHUHTXLUHGZKHQXVLQJFRQYHQWLRQDO
PDSSLQJWHFKQLTXHV7KHXVHRIRQHRUWKHRWKHUW\SHRI8$9VDQGWKHIOLJKWKHLJKWGHSHQGRQ
WKH QHHGV RI WKH SURMHFW DQG VKRXOG EH FKRVHQ DIWHU WDNLQJ LQWR FRQVLGHUDWLRQ WKH UHTXLUHG
UHVROXWLRQ

.H\ZRUGV8$9LPDJHUHVROXWLRQIL[HGZLQJKH[DFRSWHU

 ,1752'8&7,21

2YHUWKHODVWGHFDGHVH[WUHPHHYHQWVFRQQHFWHGWRFOLPDWHFKDQJHHJIORRGLQJODQGVOLGHV
HWF KDYH FRQVLGHUDEO\ LQFUHDVHG LQ QXPEHUV DQG VHULRXVO\ DIIHFWHG QDWXUDO HFRV\VWHPV
LQIUDVWUXFWXUHDQGKXPDQOLIH7KHUHIRUHWKHUHLVDJURZLQJQHHGIRUWKHGHYHORSPHQWRIQHZ
RU XVH RI H[LVWLQJ WHFKQRORJLHV ZKLFK ZLOO DVVLVW WR WKH PDQDJHPHQW RI WKHVH HIIHFWV WKH
PLQLPLVDWLRQRIORVVRISURSHUWLHVDQGKXPDQOLYHVWKHSURWHFWLRQRIWKHHQYLURQPHQWDQGWKH
GHVLJQRIVXVWDLQDEOHDQGUHVLOLHQWLQIUDVWUXFWXUH7KH8QPDQQHG$LUERUQHRU$HULDO9HKLFOHV
8$9V RU 8QPDQQHG $HULDO 6\VWHPV 8$6 RU GURQHV DV WKH\ DUH FRPPRQO\ FDOOHG
FRQVWLWXWHDWHFKQRORJ\WKDWFDQSOD\DVLJQLILFDQWUROHWRZDUGVWKLVGLUHFWLRQ
 ,1*(2




8$9V DOORZ IRU WKH HIIHFWLYH PRQLWRULQJ RI ODUJH DUHDV RI ODQG DQG H[LVWLQJ LQIUDVWUXFWXUH
ZLWKLQDIHZKRXUVDIDYRXUDEOHFKDUDFWHULVWLFHVSHFLDOO\DWFDVHVZKHUHXUJHQWLQWHUYHQWLRQLV
UHTXLUHG7KHPDLQSULQFLSOHLVWKDWD8$9WDNHVDHULDOLPDJHVRYHUDQDUHDLQFRUSRUDWHGZLWK
VSDWLDOGDWDEDVHGRQ*166WRILQDOO\SURGXFHDKLJKUHVROXWLRQ'SRLQWFORXGWKDWFDQEHXVHG
IRUDZLGHUDQJHRIJHRORJLFDOFLYLOPLQLQJHQJLQHHULQJDSSOLFDWLRQVDQGSURMHFWV

2QH RI WKH PRVW FRPPRQ XVHV RI 8$9V LV 'LPHQVLRQDO ' PDSSLQJ ZLWK QXPHURXV
DSSOLFDWLRQVLQWRSRJUDSKLFVXUYH\VSKRWRJUDPPHWULFVROXWLRQVSURJUHVVPRQLWRULQJGLVDVWHU
DQDO\VLV DUFKDHRORJLFDO PDSSLQJ DJULFXOWXUH DQG IRUHVWU\ HJ 5HPRQGLQR HW DO 
'UDH\HUDQG6WUHFKD$SSOLFDWLRQVUHODWHGWRPRQLWRULQJRIJHRORJLFDOIHDWXUHVLQODQG
DQGFRDVWDO VWXG\DUHDV WDNHDGYDQWDJH IURP WKHXVHRIPLFUR EXW LQWHJUDWHG DHULDO YHKLFOHV
VXSSRUWHGE\PXOWLVHQVRU\V\VWHPVUDWKHUWKDQHPSOR\LQJJUHDWHUSODWIRUPV7KLVZD\WKHFRVW
RI ILHOG VXUYH\V LV ORZ ZKLOH DW WKH VDPH WLPH WKH FDSWXUHG GHWDLO RI WKH DHULDO LPDJHV LV
VXIILFLHQWO\ KLJK 0RQLWRULQJ DQG 'PDSSLQJ E\ PLFUR8$9V LQ JHRORJLFDO DSSOLFDWLRQV
IRFXVLQJ RQ VXUYH\LQJ RI JHRORJLFDO VWUXFWXUHV DQG DUFKDHRORJLFDO VLWHV DV ZHOO DV RQ WKH
GHWHFWLRQ RI SRVWHDUWKTXDNH JURXQG FKDQJHV DQG GLVSODFHPHQWV DUH GHVFULEHG LQ VHYHUDO
UHVHDUFKHVHJ1DJDLHWDO-RUGDQ,QPDSSLQJRIFRDVWDODUHDVWKHVFDOHRIGHWDLO
FDQEHDWWKHOHYHORIFPDQGPD\UHDFKWKHOHYHORIFPRUEHWWHUHJ%HPLVHWDO

7KLVSDSHUIRFXVHVRQWKHXVHRI8$9VIRUHQJLQHHULQJJHRORJ\PDSSLQJVXUYH\V:HSUHVHQW
WKHPDSSLQJRIVWUXFWXUDOJHRORJLFDOIHDWXUHVDWDQRXWFURSDORQJWKHZHVWFRDVWRI6FRWODQG
XVLQJ WZRGLIIHUHQW W\SHVRI8$9VD IL[HGZLQJDQGDKH[DFRSWHU:HFRPSDUHWKHUHVXOWV
REWDLQHG XVLQJ WKHVH WZR W\SHV RI GURQHV :H DOVR FRPSDUH RXU UHVXOWV ZLWK WKRVH IURP D
WUDGLWLRQDO JHRORJLFDO PDSSLQJ VXUYH\ 2XU DLP LV WR WHVW WKH HIILFLHQF\ RI 8$9V RQ D
GHPDQGLQJIURPWKHUHVROXWLRQSRLQWRIYLHZSURMHFWDQGLQYHVWLJDWHWKHOHYHORIGHWDLOWKDW
FRXOGEHDFKLHYHG
 0$33,1*2)7+(:+,7(+286(6+25(287&523

7KHILHOGDUHDIRUWKLVVWXG\ZDVQHDU*LUYDQDUHJLRQDW6FRWODQG¶VVRXWKZHVWFRDVW7KHILHOG
DUHDLVORFDWHGRQWKH:KLWHKRXVH6KRUHDURFN\EHDFKDIHZPLOHVVRXWKRIWKHWRZQRI*LUYDQ
6RXWK$\UVKLUH7KHRXWFURSKDVZHOOH[SRVHGVHGLPHQWDU\DQGVWUXFWXUDOJHRORJLFDOIHDWXUHV
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
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
)LJ9LHZRIWKH:KLWHVKRUHRXWFURSDQGORFDWLRQPDSLQVHW
*LUYDQ
 7]LDYRX2HWDO7KHXVHRI8$9VLQHQJLQHHULQJJHRORJLFDOVXUYH\V 


7KHDUHDKDVEHHQPDSSHGLQGHWDLODVSDUWRISUHYLRXVSURMHFWVIRUH[DPSOHLQ0F&D\
DQGWKHUHIRUHFRQVWLWXWHGDIDYRXUDEOHVLWHWKDWDOORZHGIRUFRPSDULVRQVEHWZHHQWKHSUHYLRXVO\
JHQHUDWHGPDSVXVLQJFRQYHQWLRQDOJHRORJLFDOPDSSLQJVXUYH\VDQGPDSVJHQHUDWHGDVSDUWRI
WKLVFDVHVWXG\EDVHGVROHO\RQRUWKRSKRWRV

 7+(),(/'6859(<
 7KH8$9VXVHG
7KH8;+3IL[HGZLQJDQG=;KH[DFRSWHURI75,0%/(7ULPEOHZHUHXVHGIRU
WKH GDWD FROOHFWLRQ IRU WKLV VWXG\ 7KH 8; +3 ZDV HTXLSSHG ZLWK D 6RQ\ $5 03
UHVROXWLRQ WKH IRFDO OHQJWK ZDV PP WKH VHQVRU VL]H PP [ PP DQG WKH LPDJH
GLPHQVLRQV[SL[HOV7KH=;KDGDQ2O\PSXV(3/03FDPHUDZLWKDPP
OHQVDVHQVRUVL]HRIPP[PPDQGLPDJHGLPHQVLRQV[SL[HOV









)LJ7KHWZR8$9VXVHGLQWKLVVWXG\OHIWWKH7ULPEOH8;+3
KWWSXDVWULPEOHFRPX[KSDQGULJKWWKH7ULPEOH=;PXOWLURWRU
KWWSZZZWULPEOHFRP6XUYH\=;DVS[

 )OLJKWSDUDPHWHUV
7KH ILHOG VXUYH\ WRRN SODFH LQ 0D\  XQGHU JRRG ZHDWKHU FRQGLWLRQV 7KH ILHOG
PHDVXUHPHQWVODVWHGDERXWIRXUKRXUVLQFOXGLQJQHFHVVDU\ZRUNEHIRUHDQGDIWHUWKHVXUYH\
'XULQJWKHILHOGPHDVXUHPHQWV WZRIOLJKWVZHUHFDUULHGRXWRQHIRUHDFKRI WKHWZR8$9V
XVHGDWWZRGLIIHUHQWKHLJKWVUHVSHFWLYHO\
7KHIOLJKWDOWLWXGHRI=;FRSWHUZDVP7KHGXUDWLRQRIWKHIOLJKWZDVDSSUR[LPDWHO\
PLQXWHVDQGWKHVSHHGRIWKHFRSWHUZDVPVHF7KHFRSWHUWRRNDERXWSKRWRV7KHWDNH
RIIDQGODQGLQJWRRNSODFHDWWKHURFN\EHDFKDUHD7KHVXUYH\HGDUHDKDGQRPLQDOGLPHQVLRQV
P[P
7KHWDNHRIIORFDWLRQRIWKH8;+3ZDVDSSUR[LPDWHO\PDZD\IURPWKHEHDFK7KLVIOLJKW
ODVWHGPLQXWHVZLWKDVSHHGRIDERXWPVHFDWDKHLJKWRIP7KH8;+3FRYHUHGD
ODUJHUDUHDP[PWKDQWKDWRIWKH=;WDNLQJSKRWRVRYHUDOO

 '$7$352&(66,1*$1'5(68/76

 6758&785$/*(2/2*,&$/0$36%$6('217+(8;+3$1'7+(
=;6859(<6

7KHWDVNVRISURFHVVLQJRIWKHDFTXLUHGSKRWRVWKHFUHDWLRQRIWKHRUWKRSKRWRVDQGWKHILQDO
VWUXFWXUDO JHRORJLFDO PDSV ZHUH FDUULHG RXW XVLQJ 7ULPEOH %XVLQHVV &HQWUH VRIWZDUH 7KH
JHRORJLFDOPDSVFRQWDLQWKHPDLQJHRORJLFDOIRUPDWLRQVRIWKHDUHDXQGHUFRQVLGHUDWLRQVXFK
 ,1*(2




DV WKUXVW IDXOWV VWULNHVOLS IDXOWV IUDFWXUHV MRLQWV DQG RWKHU JHRORJLFDO VWUXFWXUHV 7KHVH
IRUPDWLRQVZHUHGHWHFWHGDWWKHURFN\EHDFKRI*LUYDQERWKIURPWKHZRUNEDVHGRQWKH8$9V
DHULDO SKRWRV DV ZHOO LQ WKH ZRUN RI 0F&D\  7KH ODWWHU IROORZHG D FRQYHQWLRQDO
JHRORJLFDOSURFHGXUHEDVHGRQDORFDOYLVXDO LQVSHFWLRQ7KHPDLQJHRORJLFDOFKDUDFWHULVWLFV
VKRZQLQWKHDIRUHPHQWLRQHGPDSVDUHSUHVHQWHGLQDGHWDLOHGZD\,QLWLDOO\WZRRUWKRSKRWRV
ZHUHSURGXFHGXVLQJWKHSKRWRVE\=;DQG8;+3UHVSHFWLYHO\7KHGLJLWLVDWLRQRIWKHWZR
RUWKRSKRWRVKDGDVDUHVXOWWKHFRPSLODWLRQRIWKHWZRILQDOPDSV7KHSURFHVVLQJRIWKHWZR
PDSVODVWHGDSSUR[LPDWHO\WKUHHZHHNV7KHFRPSLODWLRQRIPDSVZDVDGHPDQGLQJWDVNDVLW
ZDV EDVHG RQ D GHWDLOHG FRPSXWDWLRQDO DQG GHVLJQ ZRUN WRZDUGV WKH LGHQWLILFDWLRQ RI DOO
JHRORJLFDOLQIRUPDWLRQRIIHUHGE\WKHKLJKUHVROXWLRQLPDJHVRIWKHWZR8$9V

7KHPDSVRIVWUXFWXUDOIHDWXUHVGHULYHGIURPWKH=;DQG8;+3DUHVKRZQLQ)LJDQG
UHVSHFWLYHO\

)LJ'HWDLOHGPDSRIWKHWHVWDUHDGHULYHGIURPWKHGDWDRI=;UHSUHVHQWLQJWKHGLVWULEXWLRQ
DQGORFDWLRQVRIWKHVWUXFWXUDOIHDWXUHV7]LDYRX

)LJ'HWDLOHGPDSRIWKHWHVWDUHDGHULYHGIURPWKHGDWDRI8;+3UHSUHVHQWLQJWKH
GLVWULEXWLRQDQGORFDWLRQVRIWKHVWUXFWXUDOIHDWXUHV7]LDYRX


 7]LDYRX2HWDO7KHXVHRI8$9VLQHQJLQHHULQJJHRORJLFDOVXUYH\V 



 (67,0$7,212)7+($&+,(9('/(9(/2)'(7$,/
2QHRIWKHPDLQJRDOVRIWKLVVWXG\ZDVWRGHWHUPLQHWKHOHYHORIGHWDLOWKDWFRXOGEHDFKLHYHG
E\WKHFKRVHQ8$9V,QRUGHUWRGRWKLVZHVHOHFWHGDZHOOGHILQHGMRLQW)LJDQGDWWHPSWHG
WRGHWHUPLQHLWVOHQJWKDQGZLGWKXVLQJH[FOXVLYHO\WKHRUWKRPRVDLF$VVKRZQLQ)LJDQG
)LJDMRLQWRIOHQJWKHTXDOWRPFDQEHGHWHUPLQHGZLWKDOHYHORIGHWDLOEHWWHUWKDQ
FP7KHWKLFNQHVVRIWKHVDPHMRLQWFRXOGEHLGHQWLILHGZLWKDWDOHYHORIGHWDLOEHWWHUWKDQFP


)LJ7KHOHQJWKRIDMRLQWFRXOGEHVSHFLILHGZLWKDWDOHYHORIGHWDLOEHWWHUWKDQFP
7]LDYRX


)LJ$PD[LPXPWKLFNQHVVRIWKHVDPHMRLQWDVLQILJFRXOGEHGHWHUPLQHGDWDOHYHORI
GHWDLOEHWWHUWKDQFP7]LDYRX



 ,1*(2




 ',6&866,21

 &203$5,621%(7:((17+(0$362)7+,6),(/'&$03$,*1

,QVSHFWLRQ RI WKH PDSV RI)LJXUHV  DQG  OHDGV WR VRPH LQWHUHVWLQJ ILQGLQJV UHJDUGLQJ WKH
PDSSLQJDQGUHVROXWLRQSRWHQWLDORIWKHWZRDHULDOYHKLFOHV7KH8;+3FRYHUHGDQH[WHQGHG
DUHDZLWKUHODWLYHO\ORZUHVROXWLRQ)LJZKLOHWKH=;FRYHUHGDVPDOOHUDUHDWKDQWKDWRI
8;+3EXWZLWKKLJKHUUHVROXWLRQ)LJ7KXVRQWKH6:SDUWRIWKHWHVWDUHDUHSUHVHQWHG
LQ)LJWKHJHRORJLFDOIRUPDWLRQRIJUHHQPXGVWRQHFRYHUVODUJHUDUHDWKDQWKDWRI)LJGXH
WRWKHKLJKUHVROXWLRQRI=;7KLVPHDQVWKDWWKHLGHQWLILFDWLRQRIWKHJUHHQPXGVWRQHLQWKH
RUWKRSKRWRRI=;ZDVSRVVLEOHEXWLWZDVGLIILFXOWLQWKHRUWKRSKRWRRI8;+3ZKHUHWKH
OLPLWVRIWKHIRUPDWLRQZHUHQRWGLVWLQFW
7KHOHYHORIGHWDLOLQ)LJLVKLJKHUWKDQWKDWRI)LJHLWKHULQWKH6:SDUWRIWKHILHOGVLWH
PDLQO\FRYHUHGE\WKHJUHHQPXGVWRQHRUHYHQLQRWKHUUHJLRQV)RULQVWDQFHLQWKH1(VXE
UHJLRQLQWKHDUHDFRYHUHGE\UHGPXGVWRQHPRUHXQLGHQWLILHGIUDFWXUHVDUHGHWHFWHGLQ)LJ
WKDQWKRVHLQ)LJDVWKH\ZHUHFRPSLOHGDIWHUSURFHVVLQJDQGGLJLWLVDWLRQRIWKHUHVSHFWLYH
RUWKRSKRWRV)XUWKHUPRUHLQWKH1:SDUWRIWKHVWXG\DUHDWKHVDPHFRQFOXVLRQLVYDOLGIRU
WKHUHSUHVHQWDWLRQRIWKHFRYHUHG]RQHPRUHGHWDLOVRIZKLFKDUHGHOLQHDWHGLQ)LJWKDQLQ
)LJ

 &203$5,621:,7+&219(17,21$/*(2/2*,&$/0$33,1*
6859(<6

7KHUH DUH WZR PDLQ DGYDQWDJHV IRU WKH XVH RI D 8$9 LQ HQJLQHHULQJ JHRORJLFDO PDSSLQJ
VXUYH\V)LUVWLWUHTXLUHVVLJQLILFDQWO\OHVVWLPHDQGHIIRUWWRPDSDQDUHDRIWKHVDPHRUHYHQ
PXFKELJJHUVL]HFRPSDUHGWRFRPPRQO\XVHGPDSSLQJWHFKQLTXHV,QWKLVVWXG\ZHIRFXVHG
RQDQRXWFURSDORQJWKH:KLWHKRXVHVKRUHWKDWKDGEHHQPDSSHGEHIRUHE\0F&D\XVLQJ
FRQYHQWLRQDOPDSSLQJWHFKQLTXHV)LJ7KHVPDOOHVWDUHDWKDWZDVVXUYH\HGLQRXUVWXG\ZDV
WKDWREWDLQHGE\WKH=;7KLVDUHDLVDSSUR[LPDWHO\WLPHVELJJHUWKDQWKHDUHDSUHVHQWHGLQ
)LJVHH)LJ<HWLWWRRNDERXWDILIWKRIWKHWLPHLQFOXGLQJWKHWLPHLQWKHILHOGDQGWKH
SRVWSURFHVVLQJWLPHWRSURGXFHDVWUXFWXUDOJHRORJLFDOPDSRIWKHVDPHGLPHQVLRQVDQGRIWKH
VDPH OHYHO RI GHWDLO DV WKDW LQ )LJ (UURU 5HIHUHQFH VRXUFH QRW IRXQG SHUVRQDO
FRPPXQLFDWLRQZLWK$OLVWDLU0F&D\RQ

)LJ'HWDLOHGPDSRIWKHWHVWDUHDGHULYHGIURPDFRQYHQWLRQDOJHRORJLFDOPHWKRGDIWHU
0F&D\

 7]LDYRX2HWDO7KHXVHRI8$9VLQHQJLQHHULQJJHRORJLFDOVXUYH\V 



)LJ7KHVL]HRIWKHPDSSHGDUHDSUHVHQWHGLQWKLVVWXG\LVDOPRVWWKUHHWLPHVODUJHUWKDQ
WKHDUHDPDSSHGE\0F&D\DQGVKRZQZLWKLQWKH\HOORZSRO\JRQ7]LDYRX

7KH VHFRQG PHULW RI XVLQJ D 8$9 IRU VWUXFWXUDO JHRORJLFDO PDSSLQJ LV WKDW WKH SURGXFHG
RUWKRPRVDLFLVJHRUHIHUHQFHG:KHUHLWODFNVLVWKHLGHQWLILFDWLRQDQGFKDUDFWHUL]DWLRQRIVRPH
VWUXFWXUDOJHRORJLFDOIHDWXUHV$OWKRXJKLQRXUVWXG\LWZDVSRVVLEOHWRLGHQWLI\WKHIHDWXUHW\SH
IRU PRVW RI WKHP WKHUH ZHUH VRPH IRU ZKLFK YLVXDO LQVSHFWLRQ ZDV QHFHVVDU\ DQG QR VDIH
FRQFOXVLRQVFRXOGEHPDGHEDVHGRQO\RQ WKH LPDJH ,W VKRXOGEHQRWHG WKDW WKHDPRXQWRI
LQIRUPDWLRQWKDWFDQEHH[WUDFWHGIURPDQLPDJHDOVRGHSHQGVRQWKHFDPHUDFDOLEUDWLRQDQGWKH
H[SHULHQFHRI WKHREVHUYHU$PRUHH[SHULHQFHGJHRORJLVWRUHQJLQHHUZRXOGEHPRUHOLNHO\
DEOH WR LGHQWLI\ PRUH IHDWXUH W\SHV RQ DQ LPDJH FRPSDUHG WR WKRVH LGHQWLILHG E\ D OHVV
H[SHULHQFHG SHUVRQ 7KLV QXPEHU ZRXOG GLIIHU DJDLQ LI XVLQJ DQ DXWRPDWHG UHFRJQLWLRQ
DOJRULWKP
 &21&/86,216
2XU UHVXOWV VKRZ WKDW 8$9V FDQ EH D SRZHUIXO WHFKQRORJ\ IRU HQJLQHHULQJ JHRORJLFDO
DSSOLFDWLRQV 7KLV WHFKQRORJ\ FDQ HIILFLHQWO\ KDQGOH JHRVSDWLDO DQG LPDJHU\ GDWD VHWV DQG
SURYLGH GHWDLOHG PDSV DQG RWKHU GLJLWDO GDWD DQG LQIRUPDWLRQ $OWKRXJK WKH FRQYHQWLRQDO
JHRORJLFDOPDSSLQJPHWKRGVKDYHXQGRXEWHGO\YDULRXVDGYDQWDJHVWKH\DUHWLPHFRQVXPLQJ
7KLVUHVWULFWVVLJQLILFDQWO\WKHLUVXLWDELOLW\IRUDUDQJHRIDSSOLFDWLRQVVXFKDVWKHPDSSLQJRI
ODQGVOLGHVIORRGLQJRUGLVDVWHUDUHDVHWFZKHUHDQXUJHQW UHDFWLRQ LVQHHGHG2Q WKHRWKHU
KDQGWKH8$9WHFKQRORJ\FDQEHXVHGIRUWKHPDSSLQJRIODUJHDUHDVLQDVKRUWWLPHZLWKD
KLJKOHYHORIGHWDLOFPRUEHWWHUDWWLPHVDQGUHOLDELOLW\

5()(5(1&(6

%HPLV630LFNOHWKZDLWH67XUQHU'-DPHV05$NFL]67KLHOH67%DQJDVK
+ $  *URXQGEDVHG DQG 8$9EDVHG SKRWRJUDPPHWU\ $ PXOWLVFDOH KLJK
UHVROXWLRQ PDSSLQJ WRRO IRU VWUXFWXUDO JHRORJ\ DQG SDOHRVHLVPRORJ\ ,Q -RXUQDO RI
6WUXFWXUDO*HRORJ\9ROSS
 ,1*(2




'UDH\HU %  6WUHFKD &  :KLWH SDSHU KRZ DFFXUDWH DUH 8$9 VXUYH\LQJ PHWKRGV"
$YDLODEOH DW KWWSVVXSSRUWSL[GFRPHQWULHV+RZDFFXUDWHDUH8$9
VXUYH\LQJPHWKRGV$FFHVVHG-XO\
-RUGDQ%5$ELUG¶VH\HYLHZRIJHRORJ\7KHXVHRIPLFURGURQHV8$9VLQJHRORJLF
ILOHGZRUNDQGHGXFDWLRQ,Q*6$7RGD\9ROQRSS
0F&D\$)OXLGIORZWKURXJKFRQQHFWHGVXEVHLVPLFIHDWXUHVLQPXGVWRQH3K'7KHVLV
8QLYHUVLW\RI6WUDWKFO\GH
1DJDL0&KHQ76KLEDVDNL5.XPDJDL+$KPHG$8$9ERUQH'V\VWHP
E\PXOWLVHQVRU LQWHJUDWLRQ ,Q ,(((7UDQVDFWLRQVRQ*HRVFLHQFHDQG5HPRWH6HQVLQJ
9ROQRSS
5HPRQGLQR)%DUD]]HWWL/1H[)6FDLRQL06DUD]]L'8$9SKRWRJUDPPHWU\
IRUPDSSLQJDQG'PRGHOLQJFXUUHQWVWDWXVDQGIXWXUHSHUVSHFWLYHV,Q7KH,QWHUQDWLRQDO
$UFKLYHV RI WKH 3KRWRJUDPPHWU\ 5HPRWH 6HQVLQJ DQG 6SDWLDO ,QIRUPDWLRQ 6FLHQFHV
;;;9,,,&SS
7ULPEOH  7ULPEOH 8$6 $YDLODEOH DW KWWSXDVWULPEOHFRPWULPEOHXDV $FFHVVHG 
-XO\
7]LDYRX 2  7HFKQRORJLHV WKDW VXSSRUW VXVWDLQDELOLW\ 7KH SRWHQWLDO RI 8QPDQQHG
$LUERUQH9HKLFOHV8$9VLQ&LYLODQG(QYLURQPHQWDO(QJLQHHULQJDSSOLFDWLRQV06F
GLVVHUWDWLRQ 'HSDUWPHQW RI &LYLO DQG (QYLURQPHQWDO (QJLQHHULQJ 8QLYHUVLW\ RI
6WUDWKFO\GH

